A 10-month-old boy is presented who had isolated unilateral absence of the right pulmonary artery. He suffered from hemoptysis and severe congestive heart failure. The patient underwent prosthetic anastomosis of the right to the main pulmonary artery. Although the hemodynamic response was favorable, his oxygenation did not improve due to diffuse pulmonary arteriovenous fistulae of the affected lung. The patient succumbed 3 months after operation due to massive uncontrollable hemoptysis from the right lung.
A 10-month-old boy is presented who had isolated unilateral absence of the right pulmonary artery. He suffered from hemoptysis and severe congestive heart failure. The patient underwent prosthetic anastomosis of the right to the main pulmonary artery. Although the hemodynamic response was favorable, his oxygenation did not improve due to diffuse pulmonary arteriovenous fistulae of the affected lung. The patient succumbed 3 months after operation due to massive uncontrollable hemoptysis from the right lung.
Isolated unilateral absence of the pulmonary artery is a rare lesion. In our review of the world literature as of November 1976, 47 cases (including this report) of the unilateral absence of the pulmonary artery have been reported. Of these 25.5% had pulmonary hypertension and only 4 cases underwent successful repair of the lesion. Though repair of this defect can be carried out, the result may not be always gratifying. Our experience with this case has led us to consider a lung biopsy before proceeding to the surgical repair of the lesion. If the affected lung shows arteriovenous abnormalities the operation should not be recommended. 
CASE HISTORY
H.Y. #54-502, a 10-month-old boy was admitted to the Queen Pahlavi Cardiovascular Center for cardiac evaluation. Palpitation, tachypnea and dyspnea were noted since 1 month of age, and cyanosis was observed first when he was 6 months old. He had history of frequent colds. On physical examination the blood pressure was 90/50mmHg, the respiratory rate was 50/min and the pulse rate was 140/min. His weight was 8.25Kg, and his height was 60cm. The patient was edematous and cyanotic. The lungs were clear on auscultation. Examination of the heart revealed right ventricular heave, but no thrill. S1 was normal; P2 was markedly increased in intensity. There was no S3, nor S4, nor systolic clicks. A grade 3/6 holosystolic murmur was present at the left lower sternal border. No diastolic murmur was audible. The liver was 5cm below the right costal margin. The peripheral pulses were normal.
The electrocardiogram showed sinus tachycardia with a rate of 150/min. The QRS axis was at 150 degrees. Severe right ventricular and right atrial hypertrophy were present. Chest roentgenogram revealed marked cardiomegaly, enlarged right ventricle, dilated main pulmonary artery and increased vascular markings on the left side. The right lung appeared hypovascular (Fig.1) .
The patient was catheterized after aggressive anticongestive treatment, to which he responded with moderate amelioration of signs and symptoms. The catheterization data are summarized in Table I . The major abnormalities were severe systemic arterial and venous desaturation, suprasystemic pressure in the right ventricle, main and left pulmonary arteries, 12mmHg gradient between the right and left atria across a Jap. Heart J. May, 1978 patent foramen ovale, and severe tricuspid regurgitation. Left ventricular angiocardiograms revealed a normal left heart. The ventricular septum was intact and there was no mitral regurgitation. No vessels entered the right lung from the aorta. (Figs.2,3) .
A right ventricular injection showed proximal interruption of the right pulmonary artery and massive tricuspid regurgitation (Fig.4) .
As the patient's response to medical therapy was suboptimal surgery was advised, but the parents refused operation. Following discharge from the hospital he did not show up for follow-up examinations for 7 months. At 17 months of age he was readmitted with massive hemoptysis, severe anemia, congestive heart failure and generalized edema. His hemoglobin was 5 Gm per cent. The murmur of tricuspid regurgitation and signs of pulmonary hypertension were present. The mother had discontinued digitalis and diuretic on her own. Aggressive medical treatment was instituted and the patient responded favorably. At this time the parents agreed to surgical exploration. At the age of 171/2 months, through a right thoracotomy a Dacron graft was used, connecting the main pulmonary artery to the peripheral right pulmonary artery at the hilus of the right lung. Following the operation the patient improved remarkably with disappearance of the murmur of tricuspid regurgitation, and signs of heart failure. However upon discontinuation of assisted ventila tion, paralysis of the right disphragm was noted. Plication of the right diaphragm was followed by a brief period of improvement, but the patient developed multiple episodes of pulmonary infection associated with intensification of tricuspid regurgitation and aggravation of the signs of congestive heart failure. Two and one half months after anastomosis when the patient was free from infection and when he was clinically stable cardiac catheterization and angiocardiography were repeated. The catheterization data are summarized in Table I . The systemic venous saturation though improved compared to the first study, were grossly abnormal. The pulmonary venous and systemic arterial blood samples were desaturated. The pulmonary arterial and right ventricular pressures, though abnormal were markedly reduced compared to those before anastomosis. Administration of 100% oxygen by a tight-fitting mask did not lead to further reduction of the pulmonary arterial pressure and it rose systemic arterial saturation only by 7%. This lack of response to oxygen is indicative of pulmonary arteriovenous fistulae rather than intrapulmonary right-to-left shunt3). The angiocardiogram showed a patent anastomosis and adequate flow to both lungs (Fig.5 ), but the right lung showed a reticulogranular pattern compatible with multiple diffuse pulmonary arteriovenous fistulae. Three months after the operation the patient was readmitted in terminal condition with fever, severe heart failure, tricuspid regurgitation, and massive hemoptysis. Treatment was not effective and the patient expired on the 2nd day after admission. The postmortem examination of pieces removed from the lungs showed a grossly normal left lung and a dark red, hemorrhagic dense right lung. Microscopic examination of the lungs showed mild medial hypertrophy of the pulmonary arterioles on both sides. Intra-alveolar as well as multifocal intrabronchiolar hemorrhages were present in the right lung. Of interest were conglomerations of vas-cular structures, particularly at the periphery of the right lung, suggestive of multiple pulmonary arteriovenous communications (Fig.6 ). * Twelve patients had short systolic ejection murmur at left upper sternal border, whereas 1 patient had a continuous murmur. ** Of the 6 patients with congestive heart failure 4 were below 1 year of age. *** Ten patients with abnormal electrocardiogram showed right axis deviation and right ventricular hypertrophy. **** Six patients showed enlarged heart on X-ray. ***** Two patients showed inflammatory changes, 2 had small or narrow bronchi on the affected side. ****** Three patients had crowded bronchi on the affected side and 1 had bronchiectasis.
reports.8),13)-15) Cucci et al extensively reviewed the theories relating to the embryologic development of absent pulmonary arteries.16) Interested readers are referred to this excellent paper.
A comment about Cucci et al's hypothesis is in order, however. Briefly Cucci et al, in contrast to the previous authors favoring resorption of the proximal sixth aortic arch, believe that the absence of a primary division of the pulmonary trunk is due to defective septation of the truncus arteriosus. Cucci's hypothesis presupposes that the posterodorsal shift of the right conotruncal ridge is necessary for the development of absent right pulmonary artery, whereas posterodorsal shift of the left conotruncal ridge causes absent left pulmonary artery, and by necessity, tetralogy of Fallot with large aorta and small pulmonary artery. The former suggestion, if true, necessitates that even in isolated absence of the right pulmonary artery, the pulmonary trunk should be smaller than normal (see Fig.7 of Cucci et al's paper15). To our knowledge no quantitative study has yet been performed on patients with absent right pulmonary artery, demonstrating that the main pulmonary artery trunk is smaller than normal. Therefore Cucci's hypothesis, although intriguing, remains to be proven by detailed morphometric studies.
Pathophysiology: Exclusion of one lung from the circulation is usually well tolerated and the classical reports of Cournand et al17),18,) on the long term effects of pneumonectomy are well known. However, the hemodynamic response of the patients with isolated UAPA is not always similar to pneumonectomized subjects. If UAPA is associated with defects such as patent ductus arteriosus or ventricular septal defect, pulmonary hypertension and congestive heart failure are usually present. However, in isolated cases 2 types of response are encountered. Certain patients do not develop pulmonary hypertension and have no cardiac disability, whereas another group, usually children below 1 year of age may present with pulmonary hypertension, and congestive heart failure. In Pool et al's report 32 patients had isolated UAPA and 6 of these patients, i.e. 19%, had pulmonary hypertension.1) In our review of the world literature we collected 47 additional cases of isolated UAPA since Pool's report, thus bringing the total number to 79 cases (Table III) . The age of the patients ranged between 6 months to 58 years, with 3 patients under 1 year of age. Twenty-eight patients were male, whereas 19 were female. In 20 cases the left pulmonary artery was absent and in the remaining 27 patients the right pulmonary artery was interrupted. In contrast to Pool's report, in our review 12 of the 47 cases, i.e. 25.5%, had elevated pulmonary artery pressure. The true incidence of pulmonary hypertension is, however, not known because 20 of the 47 patients did not undergo cardiac catheterization and our suspicion is that a larger percentage of these patients Jap. Heart J. May, 1978 thorax, mediastinal shift and discrepancy of the vascular markings in the 2 sides. Other conditions mimicking UAPA on plain chest X-ray are: collapse of a lobe or one lung, chronic tuberculous scarring, unilateral emphysema, thrombosis or embolism of one pulmonary artery, hypoplasia of one lung,19),20) Swyer-James syndrome or hyperlucent lung21),22) and obstruction of a pulmonary artery due to fibrosing mediastinitis.23) Although ventilation and perfusion scintigraphy allows a diagnosis of ventilation perfusion mismatch, the differentiation among pulmonary artery agenesis, thrombotic occlusion and pulmonary artery branch stenosis is not possible by this method.24) Definitive diagnosis is established by angiocardiography showing complete absence of one of the main branches of the pulmonary artery. Aortic root injection is necessary to define the blood supply of the affected lung as well as to rule out the rare cases of the origin of one pulmonary artery from the aorta. Treatment: The therapeutic approach should be based on the symptomatology and the severity of disability. Thus several different approaches are possible depending on the nature of the patients' problems:
A. If the patient is asymptomatic and if there is no evidence of cardiopulmonary dysfunction, no treatment is necessary, but the patient should be followed with periodic examinations. Our patient is the first successful operation using a prosthetic graft. Of the 4 patients, only 1 was cured, whereas 2 died. The graft was not patent in 1 (Table III) . The hemodynamic studies in our patient showed that although the pulmonary hypertension had improved, the state of oxygenation was poor, and the results of O2 inhalation test were indicative of massive intrapulmonary right-to-left shunt due to diffuse arteriovenous fistulae. The angiocardiogram was suggestive of these lesions and microscopic examination of the affected lung confirmed arteriovenous malformations. These abnormalities were similar to those reported by Sage et al. 19 ) Based on this experience we now advise a pulmonary biopsy with particular attention to the arteriovenous elements prior to reconstructive surgery. If the biopsy points to the presence of arteriovenous communications and gross vascular abnormalities are detected, surgical anastomosis should not be recommended.
